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(54) GALUUM NITRIDE SYSTEM COMPOUND SEMICONDUCTOR LIGHT EMITTING DEVICE AND 
ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a gallium nitride 
system semiconductor light emitting device, which has a 
high quality re-growth boundary surface and facilitates the 
improvement of reliability and device characteristics. 
SOLUTION: An N-type GaN buffer layer 2, an N-type 
AI0.1Ga0.9N cladding layer 3, a non-doped InO.15GaO.85N 
active layer 4, an Mg-doped AI0.1Ga0.9N cladding layer 5, 
and N-type AI0.05Ga0.95N internal current constriction 
layer 7, an Mg-doped AI0.1Ga0.9N cladding layer 8 and an 
Mg-doped GaN contact layer 9 are formed on a low 
resistance N-type SiC substrate 1 in this order. An N- type 
side electrode 1 1 is formed on the bottom surface of the 
low resistance N-type SiC substrate 1 and a P-type side 
electrode 10 is formed on the upper surface of the Mg- 
doped GaN contact layer 9. Then, a surface protective layer 
T is so formed as to cover the surfaces of the N-type 
AI0.05Ga0.95N internal current constriction layer 7 and the 
exposed the Mg-doped AI0.1Ga0.9N cladding layer 5. 
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< «4 0 0 'ou^G 5 0 -ctiTrfesw*^ 1 ^m^m 

C«jJ?]15] H5i2«ffifiSa/lA5A 1 tGa..tN (0< 
t < 1 ) . HUiBF*3a5mffi*>{5g;i*iA 1 . G a ... N ( 0 ^ 
1 ) . luiSTgPSy^iSPi' 7 K®*5A 1 .Ga,.. 
N (0 gx< 1 ) . BUiB?Sffil*5 1 n,Ga,-,N (0 ^ 
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*^4©t,^-m*^{CgBtg©S{b^/ -i? A3^{b^*«^ 

[19^316] HaiaSffiffi^*!A 1 ,Ga,.tN (0< 
t<0. 5) . ifSU<{*A l,Ga,.,N (0. 05< 
t<0. 2 ) ■C*SW5}c:*l~i**15®t,»-rn*:'{CfB 

«g©^<b^ y -5 A5K{b^iJi^tti^^-i^, 

^mS»«±«:NSA 1 „ G a,-„ N ( 0 ^ u ^ 1 ) v^• i, 

20 ^NMA 1 „Ga,.„N>'^'•:'7re©±^CNSA l,Ga 
,.,N (0 ^x< 1 ) TgPi'5-> KS?r^S31+.5Xg 
<fc. 

^NSA 1 .Ga,..NTS|55'^ y h'Jl©±«: I n.Ga 
,.,N (O^y^l. fib. x= 0©i#y ?:0) rStt 

tel n,Ga,.vN?§tt®©±K:PMA l.Ga,-.N (0 
^x< 1 ) ±^i"y y F®*fiSg$-tt.5>Xg<t, 
i^PMA l.Ga,..N±gPi'7'^ K)l©Ji(CNSrta5m 
SgJ^^SA l.Ga, - . N (O^w^l) 
30 -SXfii. 

tBU. ^NMF*ggeM?3£i(5^®A 1 . Ga...N©-g|5^ 
^!J«5^Jl©±K:PMaffi«a/iA 1 tGai..N (0<t 

< 1 ) *^s§-t*^xgt, 

mpmrnmrnmA i .Ga,..N©±«:f}fixgPMA i 

.Gai-.N (0^x<l) h-JtSafSfiSgPSA 
l..Ga,-..N (O^x' <1) 3>d^4' hil^WI^^CfiK 
40 fiS-^.SXIit^'a^L. iaPM«ffi«g®A 1 .Ga 
t.,N©fi£SX?i*. ^SrSSPSA 1 .Ga.-.Ni'^ 

— mmmMm±ic-pm-A itg-t i.tn-co"s u^i :)^>'S- 5 ' 

^rg^rfiES^-a-SX^i. 

^PMA 1 .Ga,-.N-'^•-y7r®©±{CP^A 1 .Ga 
...N (Ogx< 1) K®^)Sfi$-e-5Xfi 
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50 SP^A 1 ,Ga,.. NTSPi'^-> F®©±«: 1 n.Ga 



,-,N (O^y^ 1. fILx = 0©i#y5^ 0) ffii^ 

KI n,Ga,-,Nr£t*®CD±{CNMA l.Ga,..N (0 
^x< 1 ) ±g|5i'v-^ KJl?rfi£g?H3!-SX?ii> 
SNMA 1 .Ga,..N±gi5d'^ K®©±«: PSrtSUS 
^m^MA 1 .Ga,-.N (O^w^ 1 ) *fi£S§-B-.5>X 
lii. 

eS$l53g)lA l.Ga,-.N©±K:NS^M«S®A KG 
a,.tN (0< t < 1 ) ^fiSSSiiSXfii, 
SNS^ffifi^S^A 1 .Ga,.tN<D±{CSsKgNMA 1 
.Ga,..N (0^x<l) KHSO^WfiSgNSA 

S^^tSXgi^r'a^b. B[NM«®e^^JlA 1 ,Ga 
a-,N<DfiXgX^*. teS^SNSA 1 .Gat-.Ni?^ 

MSfeJiCCNMA l.Ga,..N (0 Su^ 1 ) ^^yVr 
Jl^^S§1±^Xfii> 

iSNMA 1 .Ga,..N-'^•f 7r)l©±(CNMA 1 .Ga 
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g[I n,Ga,.,N?£ttJl©±tCPa}A l.Ga,..N (0 
^x<l) ±815^77 FJl^fiSg3#-5,X?i<!:. 
mPMA l.Ga,..N±ai5i'7 5' KM©±«: NMrtSPm 
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Org3P*fl5)3ST^.X?ii, 

$I|^)1A 1 .Ga...N©±«:PM«ffifiSSIiA 1 .Ga 
,..N (0< t < 1 ) ^^SSl+SXgi. 
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[W^fflll] HUiBPM«S«SilA UGa..,NX 
WMiBN^^ffiffi^SA 1 .Gax..N©fi£Sag*i> W 

T. L < «4 0 0 'CWie 5 0 "CJeiT-CS)-5)fi3j<^ 
30 7 -ISj^jB 1 0 ODl»-m*^«:iB$S®S{k*f y "i? Aj^b-^ 

c m>m 1 2 ] »«±K:^{b;?7 V ^ h.mt-^m^^ 

40 Wpmt.. 

t^fisss-s/cs^b**-; -y i^mt'^^m^^^'^, 
<t. 

50 w^—mmm>-^ vV7 )i©±{cj^fi£3 tvtdm—Mw^-r 
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1) . l5iertS|5Sfia^)^sgia*iA I.Ga,..N (O^wg 
1) . miii'^v Vmi^A I.Gai-.N (Ogx< 
1 ) . BUtBrSttJl*! I n,Ga,.,N (0 ^ 1 . (iU 
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l^mMSfiitCNMA l„Ga,-.N (O^ug 1) --n' 

g[NMA l.Ga,-.N>'^*-^7T)i©±^CNSA l.Ga 
. N ( 0 ^ X < 1 ) TgPi' 5 ■f K@«rfSS3l*^Xg 
i. 

KNSA 1 .Ga,..NTSPi'^ K®©±(C I n,Ga 
20 i.,N (O^y^ 1. ffiOx = 0©<t#y=^0) r§14@ 

g[l n,Ga,.,Nr£ttg©±{CPSA l.Ga,..N (0 
^x< 1 ) ±g|Ji77 h-@^f!S;g$#-5XS<i:> 
fgPMA UGa^.^NigPi'^ •:; HJi©±«:PM*Wr 
^ I n.Ga...N (0 <z ^ 1 ) S^^*fiSS§-t±€. 
Xgi. 

Igl n,Ga,-.NII^.^©±«:NMF*Jg|5mfiS!*3g)lA 
l.Ga...N (0 ^w^ 1 ) ^rfiSgS-eSXHi, 

30 mu, teNMrtsamfissii'is^jiA i.Ga,-.Nccign?:ji5 

^SXfii. 

iS^f^m^aS^rSafiSS^rttClfA L. K I n . G a 
i-.Nfl^.^«:^^$-li-CKPMA l.Ga,-.N±aJ 

h-)l©*M?:Sai?#SXg<!:, 
iSPMA l.Ga,..N±gP5'^ f KJi©«ffiiafil«:PM 

■rsxst^ 

SN^SiJ^S^^SA l.Ga,..N©±K:P^;R^^ 
40 ^^E$±®A UGai-,N (0< t< 1 ) 5:fiSg3#S 
Xgi. 

m'wmimmi:tmi^ i . g a,. , N©±ecsfiKgp 

MA l.Ga,..N (Ogx<l) i^^-^ KSSU^flfiXS 
PMA 1 Ga,... N (0 ^x' <\) rily^^ Vm^ 

/lA 1 .Ga,.,N©^SXfi^, HfiXSPSAl.Ga 

cis^ 1 9 ] im^w^^mm^^nxx^. n. 

50 ^^^SfeitCPMA 1 „Ga,.„N (0 ^ug 1 ) 
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fePMA UGa,.„N^^•^;7T®(D±{CPMA 1 .Ga 

...N (o^x< 1 ) T^fvv vm^fSi&$i±^xm 

<!:. 

gEP^A l.Ga,..NTSPi'^->' K@0±K: I n,Ga 
,.,N (O^y^l. <lLx = 0©i^y5^0) r§1±Jl 

m.1 n,Ga,.,Nffi14SO±{CNMA l.Gaa..N (0 
^x< 1 ) ±S|55'7 2* K^^fiXSS-ifSXfii. 
SNMA l.Ga...N±g|5i'7f F^OifCNM^WT 
S I n.Ga,.,N (0<z ^ 1 ) fl^.^5:fiSS3H±-2, 
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iSPMl^gP^S^^HA l.Ga...NCD±fCNM^^ 
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i«;^fiSS3-a-exgi*'a$L/> iSNS!^*E!e5^^p;5± 

JSA 1 .Ga,-,N(DfiSSXg?:. KWfiSSPMAl.G 
a , N 5 K®©fi£S?aSJ: 4>fil,>aS-CtT ^ ^ 

mMSeOiCCNMA 1 .Gaa.„N (0 ^ 1 ) 
Tjl?:^g$ti-SX@<t> 

teNMA 1 .Ga,..N>'<y :7r@<D±{CNMA 1 .Ga 
,..N (0 ^x< 1) TUf'yv h-m=S:0m$i±^j:m 
i. 

SENMA 1 .Ga.-.NTSPi'^ K)1©±«C I n,Ga 
...N (Ogy^l. {BL.x = 0©ity?:0) f§i4/l 
?rfi£S$-»*-5Xli<t. 

n,Ga,.,Nf§tt)10±«:PMA l.Ga...N (0 

^ X < u j^gp ■j-m4:m&^-^ixmt . 

SPMA l.Ga,..N±gPd»^--' K®0±K:PM^Wr 
S I n.Ga,.,N (0<z ^ 1 ) l?^l^?:fiES3H±S 
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Jll 0 7©^M*S'5 J:-5«:SfiRsr-5JS^{c*jt,i-r. 

sffiias^:*^! 0 5 o'c^-c^aortf ^'ij-s****. 

[0 00 8] c©/iiJi>. c©^ia4'«:*s{,>T. gffis-a- 
fcPMA 1 Ga NiSBi'^ Fd 1 0 5^ffi©^ffi^ 
n. X h 5 W :7'$iSO'NMA 1 G a NF^SPm^$!5^;i 1 
0 7CC}^RKSn/cjtJK«©^*5^b. SfiKSI^B© 
lilgRfbw: J:^fi»ft;]!}#tt©S{bR{J'^ h 7 -f 7-i>§. ^ 

[0 0091^29 {CS-3#±iEP.m'5>&^ii>0 Aftftf) 
lGaNi7^-v K®1 0 5±'^©flfiSSXg3ti5|5jl 05 

o"c<btio/c;gia-c?ftonsfci?). s-r. i^atcTS-rj: 

^«C. SmS-ltfcPMA 1 GaN±gPi?7 2. Fia 1 0 5 
PSA 1 G a N±gPi' -7 f 1 0 5 affi«:i»jPS*5^i 



u 

1 0 7 cd:^ h 7 -y^m<DmBW}ipm-r^. Mtc 

». mSS»3SJl 1 0 7 j!p6NM:F:«tl-C*-S S i A^^ffl 
[0010] CC-C, l?ffiJ:9^tt1?305ftW*i^a-r* 

So 

[0 0 1 1 ] >^ V'y-i-ym. mmX<0^iCj:K) 

[0012] co^^ic. ±mu^mittf •jKfAmit 
Nispi' ^ FJi 1 0 sRzj^m^w^m i o i o:>±tcm. 20 

«*fi-CW)jSSPS!A 1 G a N±g|5^ ^ 1 0 8 * 

[0013] m^tiJ V ^ A.^{b^*^f*:=&i 2- 

[0014] 0!lx«X h 7 :7"t^©^^J&}f5^^ 

w#tt*i^^<b-rs<ti^^pg^«>*s. 40 

[0015] Jfe*5. ^iiS^^@©f^t)»){c^ijSHIil:M4 

[0016] *^Hj«c©J:^^c3il^{cffi*r^c$nfc 

[0017] 

[ilS5r^9irSfc«>©^S] *:^?g©^fb:t/U'i7AIS SO 
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\tti A 3^^b^*«(*^^^^-e* o T . mm^n 

riffili. SrSttJl*i*tf«ffifflJ©TgPi'7 
[00 18] */c« ^^m<o^itfi')'Oi^^it^m^m- 

V rll©±k:0^StlA:l|-«m^TSI55'7 Ymt. 
Km— ^^MTSUi'^ K^©J:«;ffJfi£§n/crSt4® 

igr5ttJl©Ji{cjBBS5nfcl^-^mM±gPi'-3'-:' h* 
Jli. gEHP-^mMJbSCi' ^ K@©±«:}g)ia3ti, ^ 

®ms!aM«aji©±{cffj^3 ntcmi^^p^-mmss. ^ 

[0019] */c. :^:^Bj®a{b*'y •^A^fb^^*^ 

Mf^iSfimmmmm^m. ^ » -if i , mm 
[oo2o]Sf$o<«. tofsaffi«s;i©fiSSias*i 

L < « 4 0 0 •C«±6 5 0 -COT-C* 

[002 1 ] $;fc. s?su<»> wiiEmm^mmifiA i 

tG a,.t N ( 0 < t < 1 ) . miZl^^mmi^^mA^A I 
-G-a-i- N (-0 -^w^ D r-mid -7T^' 
®*1A 1 .Ga...N (Ogx< 1 ) . |!ria?£t4®*i I n 
,Ga,.,N (Ogy^l. {HLx = 0©<t#y^O)-C 

[0022] * /c, S U < «. BJria^ffi«g®*SA 1 
tGa,-tN (0<t<0. 5) , 0< »A 1 .Ga 
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,-,N (0. 05<t<0. 2) -Cft-S. 
C 0 0 2 3 ] S/c. *^q§<D^<b*''J '^JAmt^^m 

AL. mm^&^±<iCNmA l.Ga,..N (O^u 

^ 1 ) j<'jyrm^i^m^it?>T.mt, knma i„g 

a,.,N>'^••?7rJl©±«:N^A l,Ga,..N (O^x 

< 1 ) TSUi'^-:' K®*fSS?-ti.5Xlii. SNSA 1 
.Ga.-.NTSPi'^ KJ1©±«: I n,Ga,.,N (0 ^ 

U x=0<Di#y5^0) ffit4Jl*fiKgS# 

•SISi. g[I n,Ga,.,Nr§tt®©±tCPMAl.G 10 
a,..N (0^x<l ) ±gI5d'7-^ F^*^S3-a-6X 
mt. ^P^A l.Ga,-.N±a54'7 5» FJ1<D±{CNM 
rtgi5®j£$l55^;iA l.Ga...N (O^w^ 1 ) 

g^^^^KfJUiL. ^NSF^gPSaESISJgSA l.Ga,.. 

±KPM«ffifigS®A 1 tGa,.,N (0< t < 1 ) ^SrfiS 
g^-a-SX^t. KPM^SffiSHA 1 ,Ga...N<D± 
tCfffiKSPSA l.Ga,..N (0 ^x< 1 ) f Kil 20 
RO'WfiSSPSA l..Ga....N (O^x' < 1 ) 3> 

m^jB'X^ssiisxgi^s^b. mpmmm 

UmmA UGa,-.N©fiKSXg;&> ^BfiXgPMA 1 
.G a,.. N i''^ KIKDSfiSSiSSJ: 9 t>®C^RXgSe 

[0 0 24] 2p:^H^cD^{b:<7 u 't;Amt^mmm 

AL. ig^f^liMS«±CCPMA l„Ga,-„N (O^u 

a,..N-'^•f 7t@©±{CPS!A UGa^-.N (O^x 

< 1 ) TSPi?^':/ KJl?r^S?1*SX^i. SPMA 1 
.Gax-.NTSUi'^-^ KJ1©±(C I n,Ga,-,N (0^ 
y^l, fiLx = 0©<t#y=^0) ffitt^*fiS;S3-a-2. 
Xgi, g[ I n,Gai-,NrStt)lO±fCNSA l.Ga 
t-.N (0^x< 1 ) ±gi54;^y K®?r^S^1±SXg 

ttNMA l.Gax..N±g|5i'7f K@©±iCPMl^ 
SPm^*«5^®A l.Ga,..N (0 ^w^ 1 ) 

MaS^eaXOlUO. iSP^SP^iSiK^BA l.Ga,..N 40 
©-SP*^4L.-CPaP?:}KR£-rSXfi<!:. R^N»^SS 
fi^H^SSrttC^Al/. KPMrtg|5mSS$t5^eA 1 
.Ga,-.N©±{CNM^ffiSa/lA 1 .Ga,-,N (0< 
t < 1 ) ^^SS-a-SXgi. RNM^M^aBA 1 . 
G a.i-,.N-©_b«CSfi£gNSA U G-a-,-.44^ ( 0 ^-x < 
1) i'^-^ KBSiyfllfiSSNSJA K.Ga,.,.N (0^ 
x' <1) 3>$f h®*JlIi>XfiSS3#SXg<!:<&'S^ 
U. RN^«S«S®A 1 .Ga,..N©fi£gXg?:. 
SfiXSNSA 1 . G a , N i' 7 f K®©«fiKgiaSJ: 0 
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[ 0 0 2 5 ] * fc. *^?g©^^b:</y -^^ A3^^b^i^4^» 
f*^3feST©ISii:&&«. i»^MS«*fiSSSrt«:#A 
U, SE^m^SfeJitCNMA 1 „Ga,.„N (O^ug 
1 ) -'^-t;7r®^^g3■^^•SX^i<b. eENMAl„Ga 
t.„N>'-5-^:7TB©±K:N^A 1 .Ga,..N (0^x< 
1) raJf^-^ FH^fiSS^-eSXgi. SNMA U 
Ga.-.NTgPi'^-:' KJ1©±{C I n,Ga,.,N (0^ 
y^l. fBbx = 0®<tt?y^O) r£14il*fiKS2-tf-5 
Xgi. SI n,Gax.,Nrgi4@©±K:PSA l.Ga 
...N (0^x< 1) ±gi5i77-;' K^?rfiSS3#-5.Xg 
<!:, SP1!A l.Gai-.N±gI5i'5-:. KJl©±K:NMrt 
SPm^StS^ilA l.Ga,..N (O^w^ 1 ) 

sxni . Htfia©&)§*ijK^s nfc«fiS'S^?rfiSS^ 

*>P.HS{i3aO. »NS!F«3a5mSSS^5^JlA l.Ga,..N© 
-gP^r^SOrPBD^ff^fiS-r^Xgi. 
l?afiS;S^rt«:JfAL> gENMF«9a51ifiSS5^5gJiA l.G 
a,-.N©±K:PM^ffiffiS®A 1 .Ga^.tN {0<t 

< 1 ) ?:fi£g$#^x^i. mpmmmmmmA i .g 

a,-,N©±K:f|^SPMA l.Ga,-.N (0^x< 
1) i'^-y KBSO'WfiSgPMA l.Gai..N (O^x 

< 1 ) n>^d? m^JW'X^SSiiSXfli^r'a^L/. 
SPSi^BDffSJlA 1 .Ga,.,N©fiScSXfi?r. t^SfiS 
gPSA l.Ga...Ni'^^. Fil©S^SaKJ: 0 ^>(a 
i>^SiagEr?T^J:^K:L-cteO. ^©c iKi OilB 

[ 0 0 2 6 ] *jfew©a^b>!7 ■i' A.^{b^^^# 
»^3^T-©M3g:?S{t, ^SSSS4fiS;g^«cjf A 

0> |giimMS«g|}±«:PMA l„Ga,-„N (O^u^ 
1) -'^'-^^rH^fiSS^-tf-SXfit, SPSAUGa 
,.„N>'-?-^7r)l©±«:PSA 1 .Ga,-.N (0^x< 
1 ) TSCf K)l«:R£S?1*-SX^i. SPMA 1 . 
Ga,..NTg|5i7^-;' Ke©±{C I n,Ga,-,N (0^ 
y^l, {BUx = 0©i#y;^0) r5ttJl*fiSS$1*-5> 
Xgi, SI n.Ga,..NrS14jl©±{CNMA l.Ga 
,..N (0^x< 1) ±gPi'^-:' KB^rEgSSltSXg 
<!:, SNMA l.Gat..N±g|5i'5-;, K)l©±{cP^F«i 
^mm^mmA I.Ga,..N (O^w^ 1 ) ^fiSgS-lf 
■SXfit. B?se©S®*i}i5fiK3nA:^mSSS^fi£S 
^A^^HXIttiO. SPMrtSPmSSiK^gA l.Gai-.N 

^is.smf'^K.mm.WAL. mpmf^^mmm^mAi. 

Ga,-.N©±«:NMaS«aJlA UGa,.tN (0< 
t < 1 ) *^g3#SXIii. SNSaffiSSJlA 1 . 
-G a , - 1 N©±<C#fiKg-N^ A 1 . G a , . ( 0 x < 
1) i'-^-^ KSSCfSfiXSNMA l.Ga,..N (O^x 

< 1 ) m^WS-XfiSSSifSXIii^rS^O. 
N^^S^SJIA l,Ga...N©fi£SXS*. tefffiSS 
NMA I.Ga,..Ni'^->' KJlOSfiSiSiaaJ: •? ifit^ 



15 

[ 0 0 2 7 ] J?* u < «. miiPmmmmsmA i . g 

C^aSfelT. S U < «4 0 0 -CJiLhS 5 0 -CWTT* 
[ 0 0 2 8 ] Sfc. *^Hj©^{b*''J -i/Al^^b^*^ 

[0029] S/c. *^H^©^^b:^7>J -i^As^^b^t)*^ 

[0030] *^B3cr)^{b**y '^^mt-^mm 
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-ojco. *©c<b(cj:o±iaae«j*safiS3n-5. 

[ 0 0 3 1 ] Sf * L. < «. mt^Mm^±M*^A 1 . G a 

10 ,-tN (o<t< 1) . mi&nmmm^u n.Ga,..N 

(0<z^l) . BUiBrtSIJ^$l5^®3!)^A l.Ga...N 
( 0 S w S 1 ) > liriBTgPRO'igPi' ^ 'J h-Jl*i A I . 

Ga,-.N (0^x< 1) . BfiiBr£i4Jl*s 1 n.Gai.. 

N (O^y^l. iBUx = Oa)t^y^O) t?*S. 

[0032] itc, 0tL<ii. miEm—m^a^Nm 

[0033] 'Site. Sf S L < «. ItriBm— 3Sma*sPM 

M©lif Si. S. Se. Ge, Sn. Te 
[ 0 0 3 4 ] Sfc. :^mM<Dmittf'J Amit^^^m 
AU. K^N^mS?SS±tCNSlA l„Ga».„N (O^u 

a,..N^N'-:'7T)a<D±{CNMA LGa^-.N (O^x 

< 1 ) TSP^7 K]l*^g3-ti:SXg<!:> SNSA 1 
30 .Ga,..NTgI5i!'^ KiMCitc I nvGa,.,N (0 ^ 

y^l. fBbx = 0(D<»:#y?:0) 
Xg<b> g[I n,Ga,-vNfgttJl©±K:PS?A l.Ga 
,-.N (0^x<l) ±85^77 K®*^g3-tt*Xg 
i. fePSA l.Ga,..N±gPi'7-^ h'g©±CcPS* 

wrs I n.Ga,-.N <o<z ^ 1 ) mMMm^^m^ 

•IfSXgt. n.Ga.-.N||^^®©±«:N^g|J 
MiiSS^^JlA I.Ga,..N <0^w^ 1 ) «r^S3-tfS 

*^6IX0aib. gENMrtSUmSSS^^gJlA l.Ga.-.NK 

40 pap=&jfjfiX-r^.xg<!:. mmmmm^^n&j&mmf*^ 

(cjfAb. n.Ga,..N»^^^r^^3-a-C^P 
MA l.Ga...N±gpd'7!r h-^©aM^SW3ii--2>X 
mt. SPMA l.Ga,..N±gBi'7 "7 KUW^ffia^ 

i JCi O . -M^®iafi|{CP^>f<^i^1Sjgg[{C#CfM^ 
^T^^ti,lMiL, KNMrtgUmSS$^3gJlA l.Ga,-. 
N©±K: PM:T^^«5s?^R*±J1 A UGa,..N (0<t 

< 1 ) ^eSSS-ttSXgi, KPS?Fiffi«J»JIP;5±JlA 
l,Ga,..N©±K:SfiggPMA l.Ga,..N (O^x 

50 < 1 ) ^ KH&O'lf fiSSPS A 1 . . G a . N (0 
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^x' <1) :^>-f bm'km-X^^$-^i>lMt=&^ 

^L. mpm^^mtmrnfjitMA i.Ga..,N<DfiXgx 

[0 0 3 5 ] */c, *^|go^{b**'; "i^Al^ft^^^ 

AO. mmmmm^±irCPmAi.Ga,..N (o^u 

a,.„N>'^••?7T®<D±K:PMA l.Ga,..N (O^x 10 

< 1 ) Tgfii'^ \=mi&m$ii:^xmt, mPMA 1 

.Ga,..NTgPi'^ v KJ1©±CC I n,Ga,.,N (0 ^ 
y^l, {fiOx = 0©<t#y=^0) rgtt®*fi£SS-tf-5 
Xgi. 1^1 n,Ga,.,Nr§1±)10±«:NSA l.Ga 
,-.N (0^x< 1) ±Sii:'z' y m^m&^mTM 
t. ^NMAl.Ga,..N±gPi'7'^ KgcDJitCNM* 
I n.Ga...N <0<z ^ 1 ) ?I^.^Jl€rfi£g? 
■SSXgi. g[I n.Ga...N|f^.^;i<D±«CPMrtaJ 
m8fe«5g)lA l.Gax-.N (0 gw^ 1 ) 5rfiSS5l±-5 

A^eaxobbb. gEPMrtSpm^jy^^^BA i.Ga,..N{c 

k:»ao. n.Gai-.NS^^=&^^$-a-ri^EN 
MA l.Ga,..N±gPi'5 K^CDaS^Sm^-ttSX 
fit. KNSA l.Gai..N±a5i;7 »y Kg®*aSiafi^ 

itCiO. SNMA 1 .Ga,..N±g|54'5 5/ KJl©^® 

ia^K:NM^^*iSiiejc$t?Mi^*jK^-rsxfi 

tePMrtSPS^i^^gA 1 .Ga,..NCD±{CNM^ 
i^!BJ^.^P^lhMA 1 ,Gax..N (0< t< 1 ) 30 
ii^TM^. mNM^miMMmitmAl tGsir.tNO) 
±«CSfiKgPMA 1 .Gaa..N (Ogx< 1 ) ^^-^ H 
aSO^IfRSfiNSfA 1 ..Ga,... N (O^x' < 1 ) =i 

i7 hJi^nH'XfiSs^^sxgi^'a^L. mi^m^ 
mmMMf^iitm a i , g a » . . n ofmjM^. kb^s 

PMA I.Gai..N^7-;. K®©fi£gaeJ;»3 4><StiS 
K-Ctf^<i:^ {cores'). -e<DC<!:«:J;0±faae^3!i5a 

[ 0 0 3 6 ] ^mM(Dmittiv '^M.mit^^^m 

0. fe««S««±fcNMA l„Gaa..N (O^u^ 
1) >'t-^7T®?r^S5Hf.5Xgi. g[NMAl„Ga 

1. ^Nv-Cty^riKDiCCNSfA 1 .Ga,-.N (0^x< 
1) mifz>y K®*fi£gSti--SXg<t. KNMA 1. 
Gar-.NTaJi' 7 \^m<B±K. I n, Ga,.,N^ ( 0^- 
y^l. {iOx = 0<Di#y?iO) Sffil«rfiSS5-<i--5 
Xgi. S I n,Gai-,Nr§t4)l©±«CPMA 1 .Ga 
i-.N (0^x< 1) ^^f'y-y m=&fSJ&$i±i>Xm 

^PMA l.Ga,..N±g|Ji7^-^ F®©±{CPS5: 
WrS I n.Ga,-.N (0<zg 1) S^.^Jl*figS3 50 
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■t±SXS<t. SEI n.Ga,-.NII^i^Jl<D±{CNMf«3glJ 
mdStt^JlA l.Ga...N (O^w^ 1) ^rfiSgS-tf^ 

□^ji^fis-rsxiii. mmmmmu^ms.fSimmf*iicm 

AO. SI n.Ga,..Nfl^.^^*^.^3-lfrgEPMA 

i. SPMA l.Ga,..N±gi5i'V"^ KJlO^ffiifi^K 
PM^®J<b Or#^?:iimL.:R«'(' :*->ffiAt-SC <b 
WIJ:^. ^PMA 1 .Ga,..N±SiJi'7^' KM^SSiS 

^(c PM:^it«i^>&iifiiia{c^tf «aji2^j^fi£-r sxsi . 

KNMrtg|5^Sl55?Jl A 1 . G a NCD±fc PH^^ 
^.^K*±I1A 1 tGaa.^N (0<t<l) ^fiXS^-SS 

xmt. mPM^^mMm±mAUG8i^.,N(D±(,c 

nmmPMA I.Ga,-.N (0 ^x< 1 ) ^^v K@S. 
i>'?lJiSgNS[A l..Ga,...N (O^x' < 1 ) 

h@*»XfiSS$-tfSXIi<!:€:'a^O. ^PM^^ 
^.^R*lh® A U G a . . , N ©fiKSXfi*. g[Sfi£SP M 
Al.Gax..N (Ogx<l) i?^-;/ KJl©^SafiJ: 

[0037] s/^:. ^mMomittfv '^fj.mit^m^m 

O, K^SMSS-hOCPMA 1 „Ga>-,N (O^u^ 
1 ) >'^•^»:7r)l>&fiKSS■t^^X^ii. KPMAl„Ga 
^.„N>'^•'^7r®©±^CPMA 1 .Ga...N (0^x< 
1) TSPi-^-y FJl^^S^-ttSXfii. ^PMAl. 
Ga,-.NTg|5i:'^f K®©±{C I n,Ga..,N (0^ 
y^l. fHOx = 0©<t#y^0) rSttJl*fiSS$i±S 
JMt. K I n,Gai.,Nr§ft^©±(CNMA 1 .Ca,.. 
N (0^x<l) ±355^5' Vm^WiSi^it^Jimt. 
feNMA 1 .Gai..N±S|5i7^ KHOifCNM^W-T 
S I n.Ga,..N (0<z ^ 1 ) S^^^trKSSI+S 
Xgi. n.Gai..NW^iS®©±(CPMrtg|JmSSi 
W^mAl.Ga^..N (OSw^ 1) ^^S^-arSXH 
<t. mriB©^®*5JgfiESn/c««M«««:fiSS^*>61X 
fjmo. ^PStl*3gPSzi£iB<5^@A l.Ga^..NfcP3P^r 
mfS.ti>TMt. SiSmMSS^WgfiSS^rttCjfA 
0. g[I n,Gai..NSPJ^€r^.^3-(i-rSNMA I 
.Ga...N±g|5i'^-;' K@©*®ifi€§«CNl?^^<t O 
r^JII*ii«0XW-f+>flEA-r-5C<!:(Cj;f), SENS 
A 1 .Ga,..N±a5^^-^ f--)l©^M3fifi5{CNM:=F«!8J 
?:JliiSS«C#tfM«*jefi£-rSXg<!:. SEPMrtSPmSSi 
$^5^eA l.Ga.-.N©±{cPM^#^^B*±;iA 1 
,Gaa-.W (0 < t < r) ^fiSSSHf 5Xg£. SPM 
W^^J«E5±aA 1 ,Ga,.,N©±«:|?BgSNSA 1 
.Gai-.N {0^x<l) f KJlSO^S^gNMA 
l..Ga,...N (O^x' <1) Vm^mKJS. 
g3-&5X?l£*S^0. gEPM^!E5M^F;5±llA 1 
,Gaa.,N©fiSSXIi=&. SEBfiSgNMA 1 .Ga,-.N 
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[0038] t.fc. i^^^mm'Cii') -^Amfb^*^ 
1 2 1 4 . if 1 6 X 

[0039] */t. *^BJ<Dg{b:*;'J -i^AJ^^k^^ili^l 

1**31 1 2 1 4 . 1 6 X 10 

[0 04 0] Sfc. *^HJ©M{t:^'J'i?A3^{t^*« 
f*^7fc^^cD^j*:&S«. 1 8 ~«*«2 1 Ol» 

[004 1] Sit. 2|s:^?g©gft^'J -iJA.^ft^^^ 
<*^3fe^^©iJ{®#S«. i«*B| 1 8 ~i»*^2 1 <Dl^ 
^n*^ocfetg<D:^^^*lgigS«:$t?M^*?^fiR-r^>X 

[0042] s/t. :^^m<omitij>j 'tf j^mit-^^^m 
i^^^'f-it. n^mi'-mmme<Di.^-rM^t^im<D 30 

[0043] sfc. ^mM<DmiM'j -^^Amt^^m 
*jo. -e©cifc«fct3±fBgs«j*ii&S3ns. 

[0044] tlTtC. *^?g©f^fll*lft|gt-S. 

[0045] miif:^<o^m^mtiim<i3:p>tjn.^Wi&&. 
-c. nmifim&mt-ri>ctifii3n,\ c<omm. mjji^ 

[0046] Jn^r . Ti&i^'y v KJiaffil?©a®^n 50 
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5:P;5±^#. -e©figS*0Sc:i*Jr#-5©r. wbss 

[0 04 7] ;^ :?•«©«}[$«. mwm.^ 
[0048] t<±©sS{c± 0 . ±is#^©S{b*' y -i; 

A.^^k^iB54i^»^^^^{cJ:n«. iMtfiJI©{g«. 
^yN-if->©S^{b. ilfiimfiR©fii^. iC^o/c^m 

^{k:*/ >; -^7 A3S{k^^*«»^3fe^-?*il^-r -S C i *i 

[0049] Jjn^r . Tifii'^ f K®*^®fi^S)l«:4: 
-,r?^.WK:«S3n. ^©ffl^Jt*SS<kt?*S©-c. 
C © ts t, ^-C 4>MStt?r ia]±-C # h , 

[0050] C c-c. ^Mfiga^tt. l!t*4:</;^©^^}aj 

^£-€-©aK«4 0 0 -CJilJiS 0 0 •CJWT-C^SAi. iSfP 

tt*#S[f 4 0 0 -cwie 5 0 -ctiTd^if* u 

[005 1 ]^c*i. ±iB^B£(C*jt,^r, Al,Ga,.,N 

;^^<-t?trS©-C ({10. Al.Ga,..Ni'^f KBi 
©ra^^Kfo-t^-C. x?iy©^?:iilJE-rS'i:'SA** 

[0052] C C-C. ±iB©^^«. ®^j5«55^B©f^*> 
OCCTta^^^'y KB©±KSeSffl±B*JBfiSLyc«jg© 
M{k:</ >J -i; Am^k^i^^aiftr^^ig-^^K feimscc^-r 

[0053] S/c. Tfl&f^ KB©«ffijfi^«:iSsga 

M-C©iS5»Jffi!n5>*ffiS<-C#S. C©^. ^h^-r-/ 
Ur. :7* h >;vi/7:7-rXli(Ci*Ji-^?->yLrx 

c 0 0 5 4 ] c©fcj?). )iH*rS]mii*«<s< mmiim.ifi 

mftj:, ZP-pf|fiSS^M*W^d:fijStt©«i.>^^k**'; 
■^7 Am{k^iB^^|i^^t^3fe^^^*3l3^■c^ ^ , 

[0055] c c-c. mMf^±m<m.t:>*) (c±%E<mm 

*ifi£=& i i C i 4>oIfig-C&S. 

[0056] rsis. ±ia©«fiS«:tet,>r. ffi^aSffiSS 
(fisssa[ cfc 0 -f^es^rStt-r s ) (era® i^/csa® 

Kja©affi±fcsfiSs-r.5fc*«:Bgiaa©siattJ«: 
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[005 7 ) 

mitiJ'J'^^^.^Wt^t. ^x-ti. GacA 1. I n 
i-c-dN (0<c^l. 0^d<l. 0<c + d^l) 

[0 05 8] (mmmmi) mi^t:$:^mmttfv^j>^ 

[0 059] comitfjv 0 j^mit^^^m»\y-v' 
iit. MocvDStcj:or{^sa$n/c«iCo-c*>o. mo 

H3. umm^tLr hV ^^J\^:^V^2>^ (TMG) . 
h »;-^^;WT;b5:::-»^A (TMA 1 ) . 
>^»^A (TMI n) ^ffll^/c. M^. Pm:^mmthX 
fc:;^i^^D-c>^f^H^xj:.;l.vy:^t^'i;A (Cp,M 

. Nm^H^tvn^yiy^^ (s i HJ 

[0 06 0] c(Dmittfv OM.^it^m^mm^-'^ 

NMGaN>'^'':; ^'rJlZ. NMA 1 , . ^ G a 0 . 9 N 

o.8sNffi14]i4. Mg \'-y'A lo.iGao.sN^^-y F 
® (igP^^-:' F®) 5. NMA 1 a . 0 s G a^ . 9 s Nl^gp 
mSS$(^3gJ17. Mg F-r^A lo.tGao.sNi7^-y FJl 
SSO'Mg F--:7'Ga Nn>:$r>7 F@ 9 <£:CCDj[S0Cfl5^ 

fistSNMs i cmmi(D^m^Nmmmmi i 

Mgr F-r?'GaN3>^^ h@9CD±ffiCCPMffl^ 
gl 0^Jg^b/c^3§tCJ^cC-ot:C>^o ''cC^cJ. NSA 1 
a.osGat>.9sNF^gPSfi£«^Ji7Ra=^SMU/cMg F- 
7-A U.^Gao.sNiS'^^y FJlSCD^S^S^cfc^tC^ 

[006 1] «TCC^CDMigX^^S2 { a ) - ( d ) 
RO'S3 (a) - (c) (cS':J^ift?3-r'5^. ^r. IM 
gCD^B^a^g^tf^/ci?). ffigtSN^S i CSgl^M 

s i cs«i(Dssas^io5o-ciia$rp^fiL. fis 

IrtNMS i CS«1 K:NMGaN/^'•y:7T@2^0. 0 

10 0 6-^-] ;XCC, -NMG a Nv-C :7 7^-2-<Dii(C^sFS 
A lo.iGao.sN^^-^ FJiS^O. 7^lMmgg^ 

NMA lo.iGao.sNi?^-^' F@3(D±K:y>F- 
7*1 n,.i,Gaa.asNrSttjl4^3 — 8 0 nm^S^I^ 
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[006 3] ;xcc. sgas^ioso-cng^r^sb. 

^> F-:/I n,.„Gao.,5Nr£ttJi4(D±CCM£r F- 
:7'A 1 0 . 1 G a o . , N ^7 5 F® 5 ^ 0 . 1 — 0 . 3 w m 
^^g^-t±€>. ^X^C, Mg F-:7*A lo.iGao.aNi? 
^-y F®5(D±tCN^A 1 o.osGao.s^NrtSPmgSl^^g 
J17^0. 5Min^S3#€> (02 (a) #M) . 
[0064] ±iBS®:?&5^$lS^n/cffiJgtnNSS 

^tfi-^NMA I o.asGa,.,5NF*9gpm^S*^^®7CD^ffi 
10 itcSiO,. S i N,X&*Ui>;^ 1 2^?i5fiX 

jl^Or/* Fyy^^>'-<S5B^ffll^rN^A 1 
o.osGao.95NrtgpmflS»55g@7c7)±CDS i Ox. Si 

iLlini 3^JfMT^ (S2 (b) #M) o 
[0 06 5 ] ;XCC. CCD'^xvA-^'^X';, hx-^^>i5^ 

N^A U.osGao.9sNrt^miS$S|3^il7^Mg F 

20 -y'A 1 a..Gao.,N^?5 vmbcommtm^'rh't 

Xs.-j^ly>f\ 4-r'S> (02 (c) #M) o 
[0 06 6]^t,^r. >'^>^3gx*;,^>y^SX^^:S^S 
mcXl^lyT.V'^T.^? 1 2^^*t- (0 2 (d) # 
M) o 

[0 06 7] ^X^C, »^7Xy>-?|:||@[MOCVD^S(D1f 

5^ i 0 . s«2as^$^io5o-c ^ b r SfiS 

S^^-^r^F/i. fip-^Mg F-:7"A U.iGao.,N^^ 
F®8^^S^-lf^(D-C«rj:< , ^(DtuCC. SSa@[40 
30 0^650*C^rA 1 ^^tsMZ 10—2 0 nmCDMg F- 
r7'A lo.osGaa.9sN^ffi«aJl7' ^^aiL/c^J'^ 
FJi^ffiSC/rt§Bm^»l^il^M?:S ^ <i: ^ tc^S? -tf 
ri^^ (03 (a) #M) o 

[006 8] c cr. <gassae[ (4oo-65o'C) tcr 

[006 9] ^cc*5. ^ffiiSS/i 7 ' cD^SSS^i. ttf^l- 

a.o.Gac.„NF»9aJmfi£!*^Ji7SCXBui2Mg F-:7*A 
1 0 . 1 G a » . . N i> ^ F@ 5 ^i^.^b^cl^SStiTr* 

n(^cfc<. ccDag«:i:»w«:^i. 4oo'c«±8oo'ci:aT 
'c*€)« fib. iiis-r^±r«&-^fi^cir)^*S7:>^i£:^^c 
o-c. 4oo^e«±65o'c«Ti^^-i\ ussrsiriF^ 

[0 07 0 ] ;xcc. SSaa^ioso-c^^-c^t^L. 

Mg F-r^A U..Gao.,N^^^ Fg8>£:0. 7-1 
umggRCfMg F->^GaNn>:Sf i7 h®9^0, 5 
50 -1 MmSS^SSif-S (03 (b) #M) o 
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g h'-:rm^pm^mt^it^. "tux. PSGaN^j 

g«lw:N^mSl (H3 (c) # 

M) . 

[007 2] «±<DXSCCj:or. m 1 Wl^T^O^ 
[0 07 4] J: or. 1 tc.i:n«. 

[007 5] Mg K-^*A 1 a . a s G- a „ . N^B 20 

^SI17* (Omm\t. lOnm-lx/m. Jf?^U<t3:l 
0 nm^6 0 nmCDKEBifSo ^E-(DSS5i. MMii^l 

[0 07 6] ^fc. F-r7*A I o.osGa^.ss N^® 
U^mi' (OmiSit. AUGai.,Nti. 0<x<0. 
5. «F^L<t3:0. 05<x<0. SH^iT^o -ecD 30 
m^\t. x = 0. 0$ f9GaN/c<h^,^Lr L^l^^a 
li<i:LrtStBL?^cC<i^j:-S>&^e>r*€»o 0. 5«± 

[0 07 7] ^/c. Mg K-^*A 1 ».asGaa.9sN^® 

ummi' oymmtt. Mg k-:/a u.,Gap.,N^ 
Ymb<D^mit(om%^'^^^x^m^ht. a u 

Ga^.^N^^-y K/i5€:GaNi7^ KHSit-^ 
Gax-.N^S^^7' CDx^:^^<-rn«. Tfe^C 40 

m&a.f^'^i.^x iim^(mfSJt<Dm%^^m oxmrn.^ 
[0 07 8] immmB.2) m4iit:^^mmiMv^j>. 

xwr^^m^^m^^xi.^^. vf^i^. iimm 

cb^rfE-r-sgmccoi^rtj. its. mm:i^mrj:^i^(D so 
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r^>orfc. |5)— cDl^-^^{^or^>o. ccD.^.ircmux 

[0 07 9 ] comitij^) '^j^mit^m^mi^\^-^ 

1f T -r-t-S«l<D^aCCGaNX«A 1 NX«A 

f)\ ^tLxmmBmi(DmittfV'^2.mt^^fi- 

[0 08 0 ] JiyTtC-eODSi&X^i^S 5 ( a ) - ( c ) 

Rz^me (a) - (d) ccs-ui^rsi^g^^o 
[0 08 1 ] s-r. i@acD;gB^afi£:g*tf ^/c«?). 

r >f i-S^ 1 ^MO C V D mm<DV"^ :7'^±(C-fe: h 

mmumi2oo''cm&^xmuL. mmn^i^m^mto 

:X^. Vyr-( -^'SS 1 cDSKSS* soo'C-eso'C^S 
^-C^SL. l^-T^T-Yi'S^lcD^ffitCGaN, AIN 
XtSA 1 o.lGao.9N>'^'^:; :7Tfi2' ^50nin--2M 

NmG8LNJ'<-jy rMZ^O, 5 1 u rngfit^S 

[0 08 2 ] NSGaN/^'-.^•7T@2<D±K:NM 
A 1 o.iGa,.5N^^*> KJIS^O. 7'-lMm^;S 
SU. S^aS^SOO-SSOXSS^kiP^aL. y>F-r^ 
I no.isGaa.,,Nr£tt/i4^3-8 Onm^S^-tf 

[0 08 3] ^xtc. ssas^io5o'c?ie^r#aL. 

Mg F-:7*A 1 a.aGaa,,N^^ -.^ K/15>&0. 1 - 

0.3m mfisjixs , s«as*io5o'cg@[s r^ia 

NS'A 1 a.QsGao.9sNl^gpmSS$^^®7^0. 5 
umf&m'T^ (@5 (a) #M) » 

[0 08 4] ;^cc. ':7x/^-^^sg75:»6ffi^3fc^L. n 

^A lo.osGa..,sNrtaJmSS$(53gJ17(D±tCS i 
O.. S i N.X«Ui^XhvX^7 1 2*?BfigU. iiS© 
>^:f h 'JV^'yy^mm^m^^XNmA l o.osGaa.^s 
Nl^gP^SS*^3^;i7(D±(DS i O.. Si N,x^*u>^;^ 
hvxi^ 1 2CD— gp^;^ h^-r :7*t^CC|g^*brPIPl 3 

^mfS:r^ (05 (b) #M) o 
[0 08 5]:;^:ic. ccD'i/xy^-^'^x-y hx-^^>y 
XK^>rx-y^>y, m^iitaOR I EXtJECR - 
RIBE^fflC^r. NMA 1 □.□,Ga„.,sNrta5mSS$^ 
3g^7^Mg K-:/A lo.iGao.,Ni7^-^ KM5<Da 
ffi7S>^Sffl*r^^-Cx-y ^>i5^1 4-r^ (0 5 (c) # 

[0 08 6] Mt^r. yymh:Lv^>^mxittmmi§ 
m^x ui^x h -^x ^7 1 2 

i 0 0 8 7 ] ;XtC . '>^>'^ O CAnD^gcD-tf 

^u&^m^o5o'ctxmu^r^m(^. ±i^mtmmim 

mtfC^ SffiiaS400-650*C{CrA l>&^tfMg k-^a 
1 a.oiGaa.3sN^MSS®7' ^10 — 2011111^:^ 

SWL/cMg K-:7*A 1 o i G a o , N ^ ^ F@ 
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^m^^'x^mm-r^ me (a) « 
[0 08 8 } c cr. ffi©S«?astcrailL;rcSffl« 

[008 9] '^x^. &mu&^±o5o^cmm^v^UL. 

Mg F-:7*A 1 a.iGao.sN^^ KJIS^O. T-^l 
Mm^Siy^Ms: K-:/GaN:3>tS' ^7 mg^O. 5 10 

-1 ummm&m^a^ me (b) #m) « 

[0 09 0} ^XtC. J:>'^-^MOCVD^?g3:^^6K0 

1 i^i^^n ^ /cis?)K: NMG a N>'^' 2 (D^ffiJli^^ 

tH-r^^Tx-y^>y 1 6 (06 (c)#M)o 
[0 09 n^XOC. PMGaN:3>^^7 hJi9<D±^P 

l^JBfiX-rS (S6 (d) #M) o 

[0 0 9 2 } J[y±(DX?i«:J:-or, 04K:^'ritj§(D^ 20 
[0 09 3} $^ff5I12CC4dC^r^5. MgF-^^'Al 

[0 0 9 4} {mmmm^) mi^t.i^mmmti:s^)^h. 

gg3(DS{b:^';*t?A3S{b^^*^<*U-1f4>. MOCV 

[009 5} :^mmmm3 (Dmitu^) ^m^t^^*^ 

[009 6] tiTtcSS (a) - (d) SD^*09 (a) 

- (c) tcs-^ff^cD^xg^ift^g-r^o 
[009 7} ^r, 1 aacDfeB^figs^tf ^/ces?>. es 

-^hL. ssssi2oo-c;fig^r^L. mm^m^m 

^Xtc. ffiStSPSS i CSSl<DSSSS^i050*C 
fiS^maU. fiSetP^S i CS«l±CCMg K- 
:^GaN>'<->' >'T;i2^0. 5 1 m mgS^S^-li- 

[0098} ;XCC, Mg K-r^GaN>'^''y^T^i2CD± 
tCMg K-:/A U.iGao.^N^^-^ KilS^O. 7-- 

1 Mmg@[i5S:g^i±. SffizaS€r800^850'C^SCC^?g 
^> K-r?*I no.,sGao.ssNr£^4^3-'8 0 
nmfigS^#^. ;X(C, SSa^^i050*CliSS-C^?a 50 




10-84165 

26 

NSA lo.iGao.sN^?^-^ KI15^0. 1-0. 
3MmgS^gS-l±. Mg K->''A 1 o.osGao.ssNrt 

mSS©^^/17&i^?!>5S£n>^cCl>^ggta®«>^t^ (S8 
(a) o 

[0 09 9} ^XCC. M 
g K-r?'A la,asGao.,,NF^gBmSS$(|^il7CD±tcS 
i O,. Si N,Xt*Ui^X h-^;:^^^ 1 2^Bf&L. Mm 

a.o5Gao.95Nrtgl5miJS!^^®7cD±OS i Ok. Si 

*Lri3P13^Jf^^-r^ (08 (b)#M)o 
(OlOOl-eur. ;^it>-c. C(D^x.J^-^^s.-J 

I EXtiECR-R I BE^fflC^r. Mg F-r?'A I 
o.osGao.,sNl^a5^iJS!5*^5^®7^N^A 1 c.Gao., 
N^7^-y KJlSCD^MX^^^W-r-S^-rJi :^^>i^l 4T 
^ (08 (c) #M) o 

[0101} ^x^c. 7 -^K^x ^> 

tcr U>^>^ hv;?;^; 1 Z^m^rh (08 (d) # 
M) o 

[0 102}^Xic. '>x/^-;&BSMOCVDi^^<D1^ 

tC, SSSS400-'650'acrA 1 *^tfNMA U.osG 
a„.3>N^ffiffiS®7' ^ 1 0-2 0 nm^S^-tt. S 
tat'/cNSA I a..Ga..,N^^ K@ 5 (D^ffiS:<>'M 
g K-^*A la..5Gao.9sNF*ga5mfi£!?5^J17(Z)^ffi^ 
(09 (a) #M) <. 

[0103} cc-c. ^mmMmcxmmi^fc^m^ 
[ 0 1 0 4 } ^xtc, agss^ioso'cuasr^aL. 

NMA 1 ,.iGacsN^^-^ KJ18^0. 7-lMm?i 
KS:0'N^GaNr3>3?^ h;i9^0. S-lumSS 
(0 9 (b) #M) o 

[0 10 5};Xtc. '^;x>'N-:&MOCVDilg;&^6mO 
tau. N^#ffl»T. 8 0 0-CCC-Cl^rx-y>^;|:tf 
l>Mg K-:7*Jl^PM«:^{t?-lf^o -ei/T. NMGa 
Nr3>^^7 h/i9CD±CcN^m@l 1^ igfiCtPMS 

i CSSl CCPSffl^Sl O^BfSm> (09 (c) # 

[0 1 0 6 } WicDX^tCcfc^r. 0 7 cc^-rsi&co^ 
-ft:^"';-'^"A-is{ b^^^t^^t^ - if ^n-^c 

[0 1 0 7 } *:|ISSJgSI3CC*5ti-C^>. NMAla..G 
ao.sN^^-^ Kil5(7>affiSc;Mg K-:/A U.o,G 

a 0 . , s N !i^^mmm^m i omm^m ^ mm^m i * 
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iSffJS 1 . 2<DPm<D h<D<i: *) «>|S]±-C# ■SfiJ.'SdJ* 

^. 

[0109] {mmmm4 > s i o *^?^^ib*' v 

»1I4 ©m*' y A3^{b^^^(* U — tf 4>MO C 
Lri^-7T-r+SS?rffll\ VSljm. I I I sum. 10 

C 0 1 1 0 ] WTK:. mi I ( a ) ~ ( c ) SO^S 1 2 
(a) ~ (d) {cS-:5#^©«itIgK:oiiriJi?g-r 

CO 1 1 1 ] iiag©i^^fiss*^f'55fca). t*-:? 
mmmm 1200 -csisss-c^u. as^&a^js 

tJ-^TW-t-SSliKGaN. AIN 20 
XitA l,.lGao.,N/^•-^■7Til2' ?r5 0 nm~2 u 

CO 1 1 2 ] ^xtc. aetiaK?:io5o°csa*-c#aL/. 

Mg F-7"GaN>'N'2'7T@2^0. S-lumliSfiS 
S3-ti--l). i^tC. Mg ^•-■7•GaN-'^'•:' 7tJ12(7)±{C 
Mg F-7"A U.iGao.sNi'^i' K)13*0. 7~1 

SK^aO, ^>K-:/I n,.„Ga,..,NrSttll4?: 
3~8 0 nmfiSg^liS. 

CO 1 1 3 3 ;X(C. »giaK*i050"GmS*t?^L/. 30 
NMA 1 ,.iGa„.,Ni'7 --^ F)15?:0. 1--0. 3y 
mfie[^S3^i■, MtCMg F-T-Al ..o,Ga..,,Nrt 
S|5moSi*^®7*0. 5*imfiSS$-B-€>„ CCC. rtSiJ 

1(a) #M) , 

CO 1 1 4] ;^{c> ■^;x>'^-;&)ss^*iP>B^o^^o. m 

g K--:^A U.,,Ga,.,,Nrtgi5fliJSJ)53^J17©±C!)S 
i O.. Si N.X«uy;^ 1 2^J^mV. iiS 

©7* h ';yi^^7 ^e?^5:fflt,>-CMg K-7"A 1 
Ga,.,,NF*9BiJmSS3R^J17©±©S i O.. S i N.X 40 
ttUv';^ 1 2©— giJ^x h7-f7't*;{c^*L/r 

1 3 ^JfJ^-r 5 Oil ( b ) #M) . 
C0 115];XK:. C©'i;x>'N-?:'i7X'^ Fx^g^>5^ 
3?.»K-7-<x-^5^>y. t^x.«±a©R 1 E3^«ECR 
---HI B EtCfcVvr . &C1,XA r X«-GG I , Fr/ 
A r^©^;^*fflL>T. Mg F--?'A 1 „.a.Ga„.,sN 
I^Si5mfi£«^;i7©aSA^Sffi-rS$-Cx 5^>^/ 1 4 
•T'S Ol 1 (c) . 

c 0 1 1 6 ] ;>c{c. V vwik:^ V 9-'^ ^myssmm^im 
icx\^vxy--7Xi/ iz^m^th, -e-or. -^x/n- so 
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?:flSMOCVDJ|g®-9-fe^5J±(C-fe^. FT'So 

ilB&HJSjgijgiiHiK:. aSi§A40o~65o*ccc-rA 
1 ^^tfNSA 1 O.O5GaO.9SN^ffi0iSI®7" ^10 
~20nmfiSS3#. sabfcNSA 1 o.,Ga..,N^ 
F)15©^MSO*Mg F-:7"A 1 ,.,,Ga,.„Nrt 

(a) #M) . 

CO 1 1 7 ] cc^. fiias«mK:rseb/c«s« 

jf>«:S«aS[©^*«c^ffifigS)S7' «^^H^*>6m 

[0118] -XK.. asaa^ioso'cgssT^iau. 

NMA 1 ..:,Gao.,Ni'5 FJ18?:0. 7~lMmfi 
gSO*Nl?GaNn>3ri7 hJ19^:0. 5~l//mSS 
fiSSSti-S (012 (b) #M) . 

[0 119]^XK:, ■?x-'^-?:MOCVDi^g*^61X^^ 
ffiu. N,#HaT. 800-CK:r?^rx-i;>5/-;&m>. 
Mg F-^Jl*PM«:^{k$#S, ;Xtc. PSffl«®-:S 
W^rtf -5 /c&K: PSG a NJl 2 ©SS*iSm-r -5 S -ex 
v=f-lyf\ (012 (c) #M) . 

[0 120]-€-U-C. N^GaNn^i/^ h@9©±CC 
NMffl^gll, PMGaN)12©±(CPMfflmSl 0 
^Jf5fi£-rS (012 (d) #M) . 

[0121] fei±©ISCC J;-,r , 0 1 0 tCTK-riiit© 

CO 1 2 2 ] *|liSJ^^4{C4jt,>r4>. NMAlo.iG 
a,.,Ni'^-7 F@5©^ffiRO'Mg F-7*A 1 ..„G 

a 0 ... N nwrn^mmm i (mm^m. ^ mm^m i ' 

[0123] (JlJSffJSSS ) 0 1 3 {xi^^mm^mtt} -5 
A3^{b^i^^»i*^fg-7^©3ISi?f$.^5?rin-r, 
J^.^5©S^b:</yi'A^b^4^ai^*U'-1f«. ±BBll 
SfeJ^SS 1 -^mil 4 © 4> © <!: «M)^C 0 . aM«^ 
7' ?:WLrfcP,-r. ±g|Ji'^ Fil5©aM«:||^.^ 
J16S:ffJfi£U. *^ox.^5^>yxg-CSW$nfc±gP^ 
^ y F® 5 ©«Mia^K:iifjgS^«^^^2 0 
L, *i-5C ©iiirgS^f^^^^^ 2 0 5ra'5 i ^ (CfgSBIi 

^jju^® 7 ©±tc:F«!B^.^RS±® 2i^nmL fcmm: 
[0124] ^^m^mmbo^ittf'j "yA^it^^^ 

[0125] i;iric:^mmmm5<Dmfttf -i; Ai^b^ 

!^ij£^(t U— tf ©Si&Xg^r. S 1 4 ( a ) ~ ( e ) S 
CKa 1 5 ( a ) ~ ( d ) «C«-5#gi?gT^, 
[ 0 1 2 6 ] ST. 1 lHl@©SH^fiSS=&?f ^fca>. {Sg 
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mums i CSKl ^MOCVD^(D1f-fey^±tC-fe 

■To ffiginN^S i CS« 1 (DSffi?aS^l050'C 

SS^-C^SU. ffifiCiN^S i CS«l±tCNSGa 

[0 127];^tC. NMGaN^^'■>:7Tji2(D±tCNS 
A 1 o.iGao.sNi?^ KJ13«:0. T-lum^^ 

y> F-r?' I no.isGao.«sNrS14jl4^3'-8 0 

Ms: K-:7'A 1 o.iGao ^N^^ -7 FIIS^O. 1 
3Mm@S^S^-t^. M^SSaS^4OO-'850**C 

S^-tf-So -eur. SSSS^400'C'-1050'GgS^-C 
^LAj:/i5^>. NMA lo.osGao.,sNrtgI5^!*3gJi 
7^0. 5 /zm^S5-t±^ (014 (a) #M) 
[0 12 8]^^^:. »i?xy^-;£:fiKS^;^P6aS(0tHU. N 
MA U.a,Ga..3,NP*9SP^»^3g^7<7)^ffi±tCS i 

0. , S i N«X«Ut^;=^ 1 2^ff$^U. jl^cD 

hyyy^:7-^^fB^fflC>rNMA lo.osGa^.as 20 
NrtgI5mi&i??^;i7CD±COS i O,. Si N,Xt3:U>?X 
hvXi^l 2(D-aJ*Xh^-ry*^tC^^UTP§Pl 3 

^ff^^-r^ (ai 4 (b) #M) o 

:i^>^XliF^'<x-y9^>y. mt3:±iSC0R I EX 
t3:EGR - R I BECCiJC^T. BCU/ArXt^CC 

1 . Fj/A r^(D;^7X^ffil>r. NMA 1 o.osGaa.»s 
N[^gpmSfe$t53j®7 ^SrMg F-:?' I n NS^j^UGCD^ 
ffi;05Sm-r-^^rx*^^>y 1 4-r-5> Ol 4 (c) # 

o 30 

[0130] ^>^?gX«W^S?RJ 
CCr Ui?X hvX^ 1 2^mi:^^ mi 4 (d) # 

[0 13 1] '^;x/^-^||SMOCVD^S<D1f 

F->^A 1 o.iGaa.sN^^^":^ F®5C0aS^SUil 5 
5-1^^ (014 (e) . 

[0132] ;^oc. mS<oS«ss«:r. ^a?-t±/cM 
g F-T/A lo.iGao.9Nd7^->^ Fli5<D^®±CC. 40 

>aA*tf^ (5P2) XlitMsMh'-y'A lo..,Ga 
,.,,N®^Sil'r^ (5P3) CitCctO. Mgri^F-- 

14cDii>^cC^Cp,Mg7li5j:t> 015 (a) #M) o 
[0 133] CCr. Mg®F-:/iSaSa^2 0CDW^ 
LOMgr^^iggO^Hti 1 X i o^'- 1 x i O" c 

[0134] m^^t. PM^^tLxcom^m^tD so 
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MZn. DEZ nl?^ffll^r4>J:C^ J^cCis, PM^^^ 
]©iSa^^^?fJfi£-reSffi?^«. 05x.ti4oo-8oo-cco 

[0135] ;xcc. 2@g<D^B^B^s^tf mm^"^ 

tcMg F-:7'A 1 o.iGao.sNi'^-.; F/i5<D*BJ:(D 
M g F - y^mmm 2 0 ct 0 M g (D||^,^?:Efiih'r -2) 
/ci5^. S^Sg[400'C'-650'CtcrMg F-:/A lo.os 
Gaa.3sN:T^^^^EJ±M2 1^1 0-20nm^S 
$-t±-5 Ol 5 (b) #HS) o 

[0136] ccr. ffiSSesstcrs^Lfc^^ 
•r^/cfi?)«:SSaa(D^cpCc:^^^^P;5ilJ12 1 fci 

[0137] ^^tc. SSajS^lOSO^CgS^r^SL. 
Mg F-^'A 1 ciGao.aN^^ F®8^0. 7-1 
Mmfig[SJ>*Mg F->^GaNn>^^; h®9^0. 5 

Mg I'-zf^^ :^ ]=mb(Dmm±ifcmm^tifcMs-f)^A 

lo.iGa».,N^5 Fg 5 cfJ^ffiffe^n^ (015 
(c) #M) 0 

[0 138]^XCC. '^x>'^-;&M0CVD^?g?El^e)aX»3 

mu. N.ms^T. 8oo'cccri^T^-y>^^m\ 

Mg F-:7*jl;&PSCC^it5-if €>o -eu-C. PMGaN 
ri>^i7 hJi9 0r)±«:PMfflmSl 0. ffiSCiNSS i 

cssi^NMflamsi i^jim-r^ mis (d) # 
M) « 

[0139] «±cDxiitCcfc 0 . a 1 3 (^ffk-rm^o)^ 
[0140] ^m^mmso^ittfvoAmt'^'mmm 

JiT^c<bcc<fc*:)iijF-:7*ige[^i^2 o^mu. 
PS^^CDS^^^ESi-r-S/ca?)^. A 1 o.»,Ga 

0.9. N^¥immmjj±m 2 1 ^mfscr ^m^fmm^ t h 
[0141] (mmmme )mi6 iit^^^mmittf 

?f$SI6cD^{fc;^'';'^A,^<fc'^*^^tU— tfti. V-yr 
^ -^m^ KOmmifC G a -N X^ A r NXt^ A 1 0 . 1 G a 
o,sN^^vyrm2' ^mfSLLfcj^.t. N^ffl^g 1 1 

xmmm i <Dmittf v ^ j^mit^^w \y—^tm 
[ 0 1 4 2 ] j^cij, c (Dmittf u M^mt^^mw u 



# 
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—*fh. MocvDffitcj:orft^^n-5o ^mmm 
[0143] i^r(^^<Dmmj:m^m 1 7 < a > - 

( e ) RZ/m 1 8 ( a ) - ( d ) tcS-tJC^rift^g-r 

[0 144] s-r. iMmoMPBf&&in^fci^. 

T>f+SSl*MOCVDi?g<D-9-fe:7*^±k:-fe-y h 

ssasi2oo-cfis^-csso. mM^ikm^mr. 

mSU. -y-T^y^i-SSlKlGaN. A I NX«A 1 
a.iGao.9N>'>':yr7 Tjl2* ^ 5 0 n 2 umfiSfiS 

MGaN>'^'-.^r;T®2^0. 5- 1 umSSfiSS^-li-. 

NSGaN>^^'u^:7TJ12CD±^CNSA lo.iGa 
a.3Ni^5 KJ13^0. 7- 1 MmliSfiSS^'ii'So 
[0145] ;XCC. Sffi?aa^80O-850'Cfiig[tC^a 

>'>K-::^I no.tsGao.a,NrSffil4^3'-8 0 
nm^S^if. ;XCC, S^aS^rlOSO'C^B^r^. 

F-:7'A 1 a.iGao.^N^^ K@5^0. 1 20 

S^CP^^U. Ms nNII^^®6*3nm^g 

Mm^S5i±'S 01 7 (a) #M) . 
[0 146];X^. '>X>'^^^^S^;;^>:>6aX0tHU. N 
SA l..a,Gaa.s,Nl^gi5^S^53g@7<D±CCS i 
O., S i N,XtiUi^X hvx^ 1 2^ff$i?SL. ^^(D 
hyyi^^>'^Rtfi^fflC^rNMA lo.»,Gat,.„ 
NF*9gPmiSI^5^;i7CD±(DS i O,, Si N.XtiUt^X 30 

hvx^ 1 2CD— gp^;^ h^^r^'i^cc^iuriini 3 

^Bf&-r^ mil (b) #M) o 

[0 147];^JC. C(D'>'X>^^-:&;^Mct1-c•^;x-y hx 

{SECR-R I BE^*JC>r. BGl3/ArX«CC 
1 ,F,/A rm<Dii:^^m^^X. NMA 1 c.ojGa,.,, 

Ni^gi5miS!?^^;i7^Mg nNnmmmeo^ 
®)&5^at--5^Tx.y^>^i 4-r€> (^17 (c) # 

[0148] -y^^x ^> ^?gX«WtaS^J 40 

[0 149]^XCC. '::7X/^-;&S@[MOCVD^?g(D1f 

^'A 1 0 . X G a 0, 9 N ^ ^ K/l 5 c^ffi^SU I -5 
S-tf^ (^1 7 (d) #M) o 

[0150] ;>:(c. Bf^cDSSMS^r, sm^WcM 

g K->^A lo.xGao.,N^^-^ KJ15CD^ffi±tC. ^ 
x«M€r^iStJ[^.T-/lita^H±'5> (5P1) , m^^t-it 
>aA€:tf^ (5P2) X«M?i^K-^A U.asGa 50 



4$i3^ 10-84165 
32 

o.9sN®^a/i*r^ (5P3) C<bCCj:DMgiifK'-y 
?SSM^2 0?:JBfi£-r€>o 

[0151] CC-C. J?^Li,^PS«?4Si:/Mff:^^ 

[oi52];xcc. ziaaojSB^^s^tf^o sws-yr 

/cM& K-:7*A U.iGao.sN i?^ K/15C0^ffl±© 

M g ]^ K - >'*?gs®^ 2 0 <t D M g: <DnmM^m±r h 

/ci?)tc, SgaS400*C— eso'CCcrMg K-:7*a U.os 
Gao.,5N:^«^^J^P^lh:®2 1^1 0-2 0nm^S 
(^18 (a) #M) o 

[0153] c(D^mmm^±m2 o 4>^^Mb^-c$>€> 
T^mmmi±m 2 0 ii^;feB^7&^ ^#.^b^k: u^.mt^ 
[0154] ssaa[*io5o'cms[sr^ao. 

Mgr K-::''A U.tGao.^N^-^-y Kfl8€:0. 7-^-1 
umfiaao'Mg K-::?'GaN:3>^$f ^ h@9^0. 5 
--1 MmliS^:^?-t±a. cc-r. SSSS^^S^t^^c 

gr K-:7*A U.^Gao.^N^^-:^ Kg 5 c|J^ffitJ 
(018 (b) #M) o 

[0 15 5]^XCC. 'i;x/>-«:MOCVD^g7!»^6m^) 
WU. N.^ffl^T. 800'CCcr|^rx-t;>y;|.^^t,^ 
Mgr F---7-;i;5:PM(c^{h^1±^. N^^# 

x-7^>>/l (HI 8 (c) #M) o 

[0 156]-eur. PMGa N3>^^ h@9(D±k: 
PMfl3m@10. NMGaN®2JCNMffl^ffil 1^0 
rST-S m \ 8 (d) #M) o 

[0157] J^ii©XSCC<fc 0 . a 1 6 CC^-r^igcD^ 

[0158] :$:^?esi6<D^^b;^/y ^j^mt^m^m 

{*u-1fi3:. ^S6fl5^.5<D^^b;^y»^A3^{b'^^(* 
[0159] imMBmi ) S 1 9 t^^:^?3^{b:^f'J ^ 

i-ckt. ss<bLrfistnPss ics«^«c\ 
mm. iiimmM. pm^^m^. Nm^miRu^^^o 

[0 160] «T^^CDKi§Xg*S2 0 (a) - 

(e ) s^y^®2 l ( a ) - ( d ) tcs^cvris^g-r^, 
[0 1 6 1 ] ^-r. imm<Dm^mf&&^n'>fc^. fis 

tSPMS i CSSl ^MOCVD^CD1f-fe:-:/^±{C'fer 

■To ^xcc. ffigtspss i cs«i<DS«ias^io5o-c 

HS^-c^i^U. fiStSPMS i CSSliccMg F- 
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yGaN>'>'-.':7TJi2*0. 5 1 m mliJS^S^-i± 
ho Ms K-:?'Ga N>'^'-y :7TJ12CD±tCMg K 

h'-:7* I no.asGao.»5Nffiffii4^3-8 0 
nm^S^-li-. ^XCC. SSSS^4O0-C'-lO50-Cfia$ 
■C^aU^cCT&^e. NSA 1 o.iGao.,Ni^^ Kil5^ 
0. 1-0. 3 /iinfiS^SS-(±. JE^c, SSaa^so 
(r-850'C?ie«:P^Sb. NMI nNfl^^®6^3nm 

lo.o5Gao..sNl^Slimfife$(|3gg7^0. 5 /xm^ 

mimmi>^ts 020 (a) #m) o 

iOx, S i N,X^3:U>^>^ 1 2^?gRSL. 31^ 

».osGao.9,NF»ga5miS^3g|l7CD±cOS i O,. Si 

purlin 1 3 ^jg^-r^ 020 (b) #m) . 20 

- R I BEtCitel^r. BC 1 3/A rXt^CC 1 , F,/ 
A r^O:^7>^^ffll^r. Mg K-:7*A lo.osGao.55N 

rta5msa!iti3g/i 7 ^ I n Ns^^s 6 <ommf)mm 

-tr^^^x-v^ly^l A-Th mZO (c) #M) » 

[0164] :? Ki&x V ^:y^m'R\tmm^m 

tcr ui^;^ h-^:^^! z^mi:'^^ mzo (d) # 
M) o 

[0 16 5];^^. Ox/^-;&||gMOCVD^gg<D1f 30 

$^550'CtcrNMI nNjl6^W^^5-lf, NMAU.a 
Gao.sN^'^-;^ Kil5CD^®^Sai 5$i±^ (^2 
0(e) #Rg) . 

A I o.iGaa.sN^^ \'m5<omm±(fCNm^pimt 

UX. ^xtf S i ( 5 N 1 ) . gc 

l^t^^y&X^n^ (5N2) Xi^S iSK-:7*A 1 
o.o5Gao.,5Njl^S)l-r-2» (5N3) Ct(^J:^S i 
]g K -:/f5@[Mig2 0 ^mmr^ (S 2 l ( a ) # 40 
M) o 

[0 16 7] ccr. s iUh'-y'ms.mm2 0(Dpff^ 

(01 6 8 ] m^^t. NM^mt LXykMitmo^ykm 
#f^:^'X(D>^>'^> (S i ,HJ . mii^M (H 
,S) , Sg{b-feU> (H,Se) . GeH,. SnH,. T 

hmmumt4(x>^8oo'c<Dmmtf^0^ i/t^ 
[oi69];^:oc. 2Mm(D^^Bf&&^n^o mm^^ 50 
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/cS i h'-y*A lo.tGaa.sNi?^-^ K/15^S±<DS 

1 iS h'-y'm&m^<k 0 s i <D|?^^^RS±t-^/ces?) 

OC, S«iaS400*C'-'650''Ck:r S i K-^A U.osGa 

02 1(a) #M) <, CC-C. fiSSSaawl-ca/l 

^(fcmm^^^j:^^'rct\itrj:i.> m2 1 (b) # 

M) o 

[0170] ;xcc. ssae^^ioso-cfis^r^au. 

N^A 1 o.iGao.sN^^-:' K®8^0. 7-liLtmli 
KR^'N^GaN3>!5r^ h®9^0. 5 1 m m?iS 

fi5Sffl±©S iigK-:7'^i^2 0 S i jO^NMA 1 
o.tGao.^N^^^-^' Kfl5*0Cffi;Ut$n^ (02 1 
(c) #M) o 

[0171] ;>:tc. •^xy^-;5:MOCVD^g?!P^ffiO 

WU. N^#H^T. soo'ctcrlgirx-'jv^^m^ 

Mg K->^"jl^P^W:^^b$-t±^. N^GaNn>^^ 
hJi9<D±CCNMffl^ei 1. fiStaPMS i CSS 1 

[0172] t<±<Z)XSCCj:orSl 9(fC^-rmM(Dm 

[0173] :^mmBB7<Dmittf^joAmit^mmm 
mi t^mmi^ u - if i mm<Dm^mm^m'rh <dx . 
[0 17 4] {mmmB)m2 2\t:¥mimtii')^ 

■C*)D. MOCVDjS(cJ:-^r{^S$n-i»o :^mm. 

[0175] «TtC^<Z)g!^fi?r02 3 ( a ) - 
(e ) RUm2 4 (a) - (d) WiS-^l^ritt^gT^, 
[0 176] ^f. lIil^(DSB^fiK:g^^f ^/cis?). 1^:7 

iXtc. if ^ T >f ■t'gM 1 (DSSaS^ soo'C-^eso'CSS 
^-C^SL. I^^T^i'SSli^GaN. AlNX^t 
A 1 o.lGao.9N>^^' ^:7rJ12^5 0 nm'-2 /imfiS 

[0177] ^xcc. S^aS^ioso-CllS^r'^eML. 
Mg K-:7'GaN^^'-y:7T®2^0. 5-luinfiffi^ 
S^-a*. ^Xtc. Mg F-:/GaN>'^'->':7T®2CD±tCM 
g K-r?"A lo.iGao ^Ni57^"^ Kil3^0. 7^-1^2 
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^fiU. ^>K--/I n,.,.Ga,.,.NrSt4]14«r3~ 
8 0nmfiSSSl±. ;X«C, ^«sa?r40O'C~lO5O'C@ 
SS-C^Slv/j:*i6> N^A 1 o..Gao.,Ni'5 K® 
5«:0. 1-0. 3 /zmUffil^SS-a-. M«c. 
^SOO-SSO'CSSKKSO. NM I n NS^.^ 6 3 

l,.<,,Ga..,,Nrtg|Jli^!il5^)17*0. 5 At 

n^cl»i^a5iJl-CfcJ:t» (S2 3(a) #M) . 
C0 17 8]^XfC. ■irx>'^-^rfiSSS*^6IX•5aiL. M 10 
g V-'-:fk U.,,Ga..„Nl*ig|5^^^ll7<D±k:S 
i O.. Si N.XttUi':^ 1 2^ffJfi£U. jlS 

,.o.Ga..,,NF«9S|5aSfeJ*^J17®±<DS i O.. Si 
N.XlSUy;^ 1 205— SJJ^rX h^-r7"t*;{C^ 

*orpgp 1 3 ^mi^ir^ (0 2 3 ( b ) #M) . 

X{3:F7-^x-;,9^>i/', mtf±i^©R I EXIJECR 
- R I BE«:tJl»r. BC 1 j/A rXWCCl . F,/ 
A r^CD^'X^rffit^r, M g h'-'^'A 1, s G a , s N 20 

[^d^m^mmm 7 * ns i n n nwMm e (Dmmi>mm 
r^^-cxy^^ifi 4-r-5 (02 3 (c) #M) o 
[0180] 'Xic. y '^m^.x- 'J ^> i^mjL^tmmmi 
fcr ui^x f-vxi' 1 2*^*-r-5, 

[0 18 1] -kK.^ ■l7i>'N-^rSgMOCVDKg©-9- 

*^55o-acrNMi nNjie^w^^s-a-. nmau., 

Ga^ sNi'^ f FJ15*S*gai 5 SHt^S (132 3 
(d) #M) . 

[0182] ;>:{c. ^S®a«fiS(c-ristB$-tifcNS! 3o 

a 1 ,.,Gao.,NJ'7 -^^ FBSOO^ffiiKlNSI^T^iW^i 
VX. m7L\tS i ?rlKM^^Jl:^S^1i••2) ( 5 N 1 ) , WL 
l,it*-/:t>ttA?:tf ^ (5N2) X«S ii^K-z/A 1 
...,Ga..,,NJl?:a@-r-5 (5N3) CiK:J;i3S i 
iiiF-7-igSMJ^2 0*J^^-rS (S2 3 (e) # 
M) . 

[0183] S i If F-:/igS«^©ftf * f U if 

7i5ifii<frs. 

[0184] ;X{C. 2|gia<D«g^^S?:?f ^, Sffl5# 40 
fcS i F-7*A U.,Ga..,Ni?7-y Fjl5*M±<DS 
i S V'--^m&mm2 O J: O S i (DS^^€P;5±-r.2)fc 
ssaa4oo'C-'65o'C{crs i f-t/au.ojG 

a,.,.NTiK^^^KSil:®2 15:1 0~2 0nma®-r 
-S-(02-4-(-a-)^M)T-C-C^:-*|IMJB^8-CC*jt,^- 

[0185] ^Xtc. m^US.^^oso•cnm.$-c^UL. 50 
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flfiSSNMA 1 ...Ga,.,Nd'7 F)18*0. 7~1 
Mmfia[SO'NSGaN3>$l' F®95:0. 5~lw 

7--; F®5^®±«:Ji«3tlfcS i*SNMA l..,Ga 
o.^Ni'^ K@5 4i«:ffi;tJ[3n^ (0 2 4 (b) # 

m) . 

[0 186]>X«:, ■i;x>'^-^MOCVD$^g^!r>6m'^ 

ao. N,#HmT. soo'cccr^T^-'j^i'^m^ 

Mg F-:rjl€rPM«:^'fb5-a-So ^XK. PSffimgft 
W*tf^ P^G a 2 ©^EA^SHl-r i 
1 (S2 4 (c) . 

[0 1 8 7 ] -eL/T-. NSGa N3>5Ji' FJ19CD±fC 
N^fflmSll. PSGaN®2' {CPMfflmSlO^ 
mfS.-r^ (02 4 (d) #M) . 

[0188] W±©XgK:±-3-C. 022 (C^n-r^jg© 

[0189] *3feife?^Sg8©^<t;*/y >i;A3^^b^^*^ 

[0190] («gffjsg9 ) ±fE©#iefe?f5*g-C». ^ 

■v^zmxms.^!miim2 o <!:^iK!g}»?^i5;5±Ji2 i * 

■CSiH^bfc*^. «ffi^^7' t.i5riia^^^^5^J^2 0 

7 ' i ?srgs^iffi!B}M« 2 0 i T-mmmmn 

±J12 1 *«^^t>ti-/c^jb**yi;A.wb^^*^ftu 
[0191] c©5%. ^ffi«SB7' iiifrgS^^ 

[0192] (m&mm i o ) 025 {t*:^Hj©iagjfj 
1 0 */tR o > 1 0 -ctiSI b;^ A 3^b^ 

!B5^7t5*'-<^- F«:*^Hj>S:j(ifflo-Cl,»^., 
1 oa^miM'J-^J^mit^^^^i^^^i-- F«. rtSBS 
7 5r{iA/c±iESSfi?fJSi 1 -»!SJi5.^4 ©^fb 

i^fy-i^A.m^^^f*!^— tft«P^i»3> c©F«ggPS 

S£I*5^J1 7 ©R*5 0 (CrtSB^SSPIibl 3 7 *S:W/c«3g 

[0193] C(DmiM')'t;Amit^^^^i^-<^- F 
KfcC^-C-fe -*S«Sfl-3-7-" -*5ff$^tlX**)T-C© - 
*Sfil^J13 7' ©??eEK:j:or> ±iag|6JSJ^SU5)^ 

F5rl|3^rSfe©-CS).S. 
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10194] C<DmttfJKfAmmty-i^-\'h. ± 

timmic. t(TMocvDS«cj:orf^sn. y/mm 

[0 19 5] WT«:S2 6 (a) ~ (c) SO*S2 7 

(a) ~ (c) icm-^^^omrnxM^mm-ri,, 

[ 0 1 9 6 ] S-r. 1 liia©ig^BfiS;S«:tf ^/c*. NS 
S i 1 *MOCVD«g©-»f-fer'-^±K:-feir h 

'XK. NSS i C»S3 KOSffizaS^rSOO-eso'CSS 10 
t-cmUL, N®S i CS«3 l±{CNMGaN/-?-y 7 
T®3 2^1 0-1 OOnmgS^SSti-^. 

[0197] Aic, mmum.iosQ'cm&^-cmMu. n 

SGaN)133^0. 5~4 MmHSfiSBS-e. --XliCN 
SA U.iGa,.,Ni'5 V K)13 4^0. 1~0. 3m 
mfiS^SSti-S. '^fC. SgjaS*800~850'C?iaec 
-'>K-::^I n,.„Ga,.,,NS§ttJ13 5*3 

[0198] -^ic. ssaa^rioso'csa^-csso, 

Mg K-:7"A 1 ...Gao .Nl'^ h-jl3 6?r0. 1~ 20 
0. 3 iLiingafi£g?-«i-> N^XStiSetniAlo.osGa 
..,,NF«9gpmj?£|!l±J13 7*0. 5ittmSXS3H±-i> <0 
2 6(a) #M) . 

[0 199];X«:. '^x.^^-^}iS,mMiPhWLK)tiiL. N 
MXttitifiin A 1 . . , , G a . . „ N rtSP WSPflJh® 3 7 © 
±fcSiO.. S iN,RitVi^:^V-7:^^ioo^mi^ 

ffilSA l..,,Ga..,,NrtgpmSSPllhll3 7©±©S i 
O.. S i N^X^Ui^:^ h-^Xi? 1 0 0<D— mx. 

ammic-r^ 2 e ( b ) #m) « 30 
[0200] ;Jck:. ccDOx.j^-^'yx.y hx.y^yif 
X\S.V=y>(:^v^>ifK.X^Ue K-:7'A 1 ..,G a,., 
Ni'^-^ F®3 6©^ffi*^StB-rSS-Cx-^5^>yi 6 
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